Introduction
============

With the improvement of people\'s living standard and the changes in dietary structure, as well as the rapid pace of life and work, the incidence rate of acute myocardial infarction (AMI) continues to increase, showing a younger trend ([@b1-etm-0-0-6589]). AMI is a coronary atherosclerotic disease, seriously harming human physical and mental health and reducing the life quality and survival rate of patients ([@b2-etm-0-0-6589]). Percutaneous coronary intervention (PCI) is one of the treatment methods of AMI, which is relatively safe, simple and less painful, thus it is widely used in clinical practice. However, the in-stent restenosis after PCI has become a major clinical problem ([@b3-etm-0-0-6589],[@b4-etm-0-0-6589]). The in-stent restenosis after PCI has close correlation with stent thrombosis, high-sensitivity C-reactive protein (Hs-CRP), interleukin-6 (IL-6) and soluble intercellular adhesion molecule-1 (sICAM-1), aggravating the myocardial ischemia and hypoxia, and continuously deteriorating AMI in patients ([@b5-etm-0-0-6589]). Therefore, how to prevent the stent thrombosis and vascular stenosis after PCI is a hot topic in clinical research presently. In the present study, AMI patients who underwent PCI were treated with tirofiban, so as to provide a basis for the prevention and treatment of in-stent restenosis after PCI.

Materials and methods
=====================

### General data

A total of 94 AMI patients treated in Shouguang City People\'s Hospital (Shandong, China) from January 2016 to September 2016 were selected. Inclusion criteria: i) Patients meeting the diagnostic criteria of AMI ([@b6-etm-0-0-6589]); ii) receiving PCI successfully for the first time; and iii) who signed the informed consent. Exclusion criteria: i) Patients accompanied by mental diseases or cognitive dysfunction; ii) AMI receiving non-PCI treatment; and iii) complicated with malignant tumors. The patients enrolled were randomly divided into control (n=47) and observation group (n=47) using a random number table. There were no statistically significant differences in the general data of patients between two groups (P\>0.05), and they were comparable ([Table I](#tI-etm-0-0-6589){ref-type="table"}). The study was approved by the Ethics Committee of Shouguang City People\'s Hospital (Shandong, China). Informed consents were signed by the patients or the guardians.

Methods
-------

### Medication

At 3 days before operation, patients in control group were treated with oral administration of 300 mg aspirin enteric-coated tablets (approval: National Medicine Permission no. H20065051; Shenyang Original Pharmacy Co., Ltd.; Shenyang, China) once a day. At the same time, they took 75 mg clopidogrel tablets (approval: National Medicine Permission no. H20000542; Shenzhen Salubris Pharmaceutical Co., Ltd.; Shenzhen, China) orally once a day to make the platelet aggregation rate \<40%. They also received PCI via radial artery puncture. After operation, patients took aspirin (100 mg/d) and clopidogrel (75 mg/d) for 1 year. Based on the treatment of control, patients in observation group were treated with tirofiban (approval: National Medicine Permission no. H20060265; Hangzhou Zhongmei East China Pharmaceutical Co., Ltd.; Hangzhou, China). After the guide wire reached the stenosis during operation, 10 µg/kg tirofiban was injected to the relevant coronary artery infarction for more than 3 min, followed by standard intravenous drip of 0.15 µg/(kg/min) tirofiban for 36 h.

### Sample collection

Before operation and at 24 and 48 h after operation, 5 ml venous blood was drawn from patients in the two groups (fasting in the morning for more than 8 h), and centrifuged at 2,300 × g for 10 min at 4°C. Then the supernatant was taken and stored in a refrigerator at −80°C.

### Detection of Hs-CRP, IL-6 and sICAM-1 levels

The levels of Hs-CRP and IL-6 were detected via enzyme-linked immunosorbent assay (ELISA) in strict accordance with the instructions of kits. Relevant kits were supplied by Shanghai Haoben Biotechnology Co., Ltd. (Shanghai, China). The optical density (OD) values at the wavelength of 450 nm were read using the microplate reader (Elx800; BioTek Instruments, Inc., Winooski, VT, USA), and the levels of Hs-CRP and IL-6 were calculated. The concentration of sICAM-1 was detected via double-antibody one-step sandwich ELISA. Relevant kits were provided by Nanjing Jiancheng Bioengineering Institute (Jiangsu, China). The OD value at the wavelength of 450 nm was read using the microplate reader, and the sICAM-1 level was calculated.

### Evaluation criteria

Thrombolysis in myocardial infarction (TIMI) flow grading criteria: i) Grade 0, no forward flow at the distant end of occlusive vessels; ii) grade 1, partial passing of contrast agent through the occlusion, and no filling in the distal vessels; iii) grade 2, complete passing of contrast agent through the distal vessels, its filling and removal rates \>3 cardiac cycles, significantly slower than normal blood vessels; and iv) grade 3, rapid filling and removal of contrast agent in distal vessels, \<3 cardiac cycles ([@b7-etm-0-0-6589]).

The serum Hs-CRP, IL-6 and sICAM-1 levels in two groups were detected via ELISA before operation and at 24 and 48 h after operation. The incidence rates of adverse reactions in patients in both groups were compared, including severe bleeding, thrombocytopenia, abnormal liver function and gastrointestinal reactions.

Patients were followed-up for 1 year to compare the total incidence rate of adverse cardiac events between two groups, including the malignant arrhythmia, recurrent angina and heart failure. Moreover, the life quality of patients was evaluated from the physical strength (70 points), disease conditions (26 points), medical conditions (6 points), general living function (17 points), psychological function (26 points) and working conditions (9 points). The score was positively correlated with the life quality.

### Statistical analysis

SPSS 19.0 software (SPSS, Inc., Chicago, IL, USA) was used for data processing. Measurement data are presented as mean ± standard deviation (SD), and a t-test was used. Enumeration data are presented as rate, and Chi-square test was used. F-test was used for the intergroup differences. A P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Comparison of TIMI flow grading between two groups

The TIMI flow grading in observation after treatment was significantly superior to that in control group (P\<0.05) ([Table II](#tII-etm-0-0-6589){ref-type="table"}).

The levels of Hs-CRP, IL-6 and sICAM-1 in both groups after operation were significantly decreased compared with those before operation, and they were decreased more obviously in observation group (P\<0.05) ([Tables III](#tIII-etm-0-0-6589){ref-type="table"}, [IV](#tIV-etm-0-0-6589){ref-type="table"} and [V](#tV-etm-0-0-6589){ref-type="table"}).

### Comparison of incidence rates of adverse reactions between two groups

There were no significant differences in the incidence rates of adverse reactions between the groups (P\>0.05) ([Table VI](#tVI-etm-0-0-6589){ref-type="table"}).

### Comparison of total incidence rate of adverse cardiac events between two groups

The 1-year follow-up showed that the total incidence rate of adverse cardiac events in observation was significantly lower than that in control group (P\<0.05) ([Table VII](#tVII-etm-0-0-6589){ref-type="table"}).

### Comparison of life quality between two groups

The 1-year follow-up showed that the life quality score in observation was obviously higher than that in control group (P\<0.05) ([Table VIII](#tVIII-etm-0-0-6589){ref-type="table"}).

Discussion
==========

AMI is usually caused by the myocardial infarction due to coronary artery occlusion induced by coronary atherosclerotic plaque rupture and thrombosis. AMI patients often suffer from atrial fibrillation and arrhythmia. When the myocardial infarct area is ≥20%, significant hemodynamic decompensation will occur. When the infarct area is \>40%, cardiac shock will occur ([@b8-etm-0-0-6589],[@b9-etm-0-0-6589]). PCI can quickly help restore the blood perfusion in coronary artery and rebuild the blood supply, but patients are prone to in-stent restenosis after PCI, which is closely related to surgery, inflammation, stent thrombosis and genetic factors ([@b10-etm-0-0-6589]). Therefore, PCI and early drug therapy for AMI patients are of great significance in reducing the vascular restenosis.

PCI for AMI patients often leads to the tearing of coronary artery intima, thereby activating platelets, resulting in slow or no-flow phenomenon in infarction-related vessels, and inducing thrombosis ([@b11-etm-0-0-6589]). The results of this study showed that after treatment, the TIMI flow grading in observation was significantly superior to that in control group (P\<0.05). The stent implantation had strong stimulation against blood vessels, causing microvascular reperfusion injury. After treatment, local microcirculation perfusion will still be insufficient, leading to vascular dysfunction. The forward flow in infarction-related vessels was not recovered, triggering stent thrombosis ([@b12-etm-0-0-6589]). Aspirin is a cyclooxygenase inhibitor that blocks the platelet aggregation through inhibiting the activity of acetylated cyclooxygenase-1 ([@b13-etm-0-0-6589]). Besides, clopidogrel is an adenosine diphosphate (ADP) receptor antagonist that can inhibit the binding of ADP to platelet receptors, thus blocking the platelet aggregation ([@b14-etm-0-0-6589]). After the application of the above two drugs, thrombosis can be avoided. Tirofiban is a highly-specific non-peptide platelet GPIIb/IIIa receptor antagonist, which can effectively block the common pathway of platelet activation and aggregation ([@b15-etm-0-0-6589]). The synergistic effect of the above three drugs can effectively improve the myocardial cell tissue perfusion, so that the myocardial perfusion in blood supply area is sufficient and the anti-thrombosis effect is more obvious.

The damage of PCI to blood vessels can lead to vascular endothelial exfoliation, and release a large number of inflammatory factors ([@b16-etm-0-0-6589]). Serum Hs-CRP is a commonly-used inflammatory response marker in clinic, which is more sensitive than CRP and can directly reflect the inflammatory status and stability of coronary atherosclerotic plaque, and reflect the inflammatory status of AMI patients better and earlier. Besides, it can also be used as an evaluation index of cardiovascular events in AMI patients ([@b17-etm-0-0-6589]). IL-6 is an acute-phase reactive lymphocyte factor, as well as an important member in IL family, playing different roles in the body and promoting arteriosclerosis and thrombosis ([@b18-etm-0-0-6589]). This study showed that the levels of Hs-CRP and IL-6 in both groups at 24 and 48 h after operation were significantly decreased compared with those before operation, and they were decreased more obviously in observation than control group (P\<0.05). This is because IL-6 can induce the inflammatory cell adhesion and aggregation to promote inflammation, thus increasing the serum Hs-CRP level. Moreover, Hs-CRP can not only reflect the inflammatory degree, but also promote the inflammatory response and plaque rupture ([@b19-etm-0-0-6589]). The drug therapy effectively inhibited inflammation, and decreased the IL-6 and Hs-CRP levels. Tirofiban not only has the effect of protecting vascular endothelial function, but also can inhibit the expression of inflammatory factors, so the intraoperative and postoperative administration of tirofiban alleviates the inflammatory degree in AMI patients.

SICAM-1 is little or almost not expressed in normal blood vessels, but abundantly expressed in the blood of AMI patients, which is involved in the inflammatory response and adhesion reaction of patients after PCI, causing vasoconstriction and resulting in stent thrombosis, ultimately leading to vascular restenosis and cardiovascular events ([@b20-etm-0-0-6589]). The results in this study revealed that the levels of sICAM-1 in both groups at 24 and 48 h after operation were significantly decreased compared with those before operation, and it was decreased more obviously in observation group. The 1-year follow-up showed that the total incidence rate of adverse cardiac events in observation was significantly lower than that in control group, and the life quality scores were obviously higher than those in control group (P\<0.05). This is because when the level of sICAM-1 is increased, the incidence rate of cardiovascular events will also rise. The tirofiban treatment can not only effectively block the platelet cross-linking and aggregation, but also inhibit the expression of inflammatory factors, chemokines and adhesion factors, thereby reducing the level of sICAM-1, improving the prognosis of patients, reducing the incidence rate of adverse cardiac events and increasing the life quality of patients.

In conclusion, the treatment of AMI patients undergoing PCI with tirofiban can effectively prevent stent thrombosis, and reduce the Hs-CRP, IL-6 and sICAM-1 levels, and it is safe and reliable. The small sample size in this study inevitably led to data bias, so the sample size still needs to be expanded to observe the long-term efficacy.
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###### 

Comparison of general data of patients between two groups.

                               Groups                            
  ---------------------------- ------------ ------------ ------- -------
  Gender (male/female)         26/21        24/23        0.043   0.836
  Age (years)                  40--80       40--75               
  Average age (years)          56.36±8.42   55.93±7.57   0.260   0.795
  BMI (kg/m^2^)                24.23±1.05   24.56±1.18   1.432   0.155
  Onset time (h)               42.57±3.64   43.67±4.25   1.348   0.181
  History of diseases, n (%)                                     
    Hypertension               16 (34.04)   18 (38.30)   0.046   0.830
    Hyperlipidemia             11 (23.40)   13 (27.66)   0.056   0.813
    Diabetes mellitus          9 (19.49)    7 (14.89)    0.075   0.784

BMI, body mass index.

###### 

Comparison of TIMI flow grading between two groups.

  Groups        No.   Grade 0      Grade 1      Grade 2      Grade 3
  ------------- ----- ------------ ------------ ------------ ------------
  Observation   47    14 (29.79)   15 (31.91)   7 (14.89)    11 (23.40)
  Control       47    1 (2.13)     3 (6.38)     14 (29.79)   29 (61.70)
  χ^2^                29.700                                 
  P-value                                                    

TIMI, thrombolysis in myocardial infarction.

###### 

Comparison of Hs-CRP levels at different time points between two groups (mg/l).

  Groups        No.   Before operation   24 h after operation   48 h after operation   F-test   P-value
  ------------- ----- ------------------ ---------------------- ---------------------- -------- ---------
  Observation   47    4.85±1.13          3.02±0.61              1.63±0.34              39.134   \<0.001
  Control       47    4.72±1.18          3.64±0.78              2.52±0.47              28.532   \<0.001
  t-test              0.545              4.293                  10.518                          
  P-value             0.587              \<0.001                \<0.001                         

Hs-CRP, high-sensitivity C-reactive protein.

###### 

Comparison of IL-6 levels at different time points between two groups (ng/l).

  Groups        No.   Before operation   24 h after operation   48 h after operation   F-test   P-value
  ------------- ----- ------------------ ---------------------- ---------------------- -------- ---------
  Observation   47    12.89±2.23         7.52±1.15              5.83±1.04              38.716   \<0.001
  Control       47    12.36±2.28         9.74±1.47              8.79±1.15              27.452   \<0.001
  t-test              1.139              8.155                  13.088                          
  P-value             0.258              \<0.001                \<0.001                         

IL-6, interleukin-6.

###### 

Comparison of sICAM-1 levels at different time points between two groups (mmol/l).

  Groups        No.   Before operation   24 h after operation   48 h after operation   F-test   P-value
  ------------- ----- ------------------ ---------------------- ---------------------- -------- ---------
  Observation   47    145.52±9.23        82.98±5.15             64.84±3.04             49.613   \<0.001
  Control       47    145.76±9.47        106.89±5.27            85.72±5.35             23.756   \<0.001
  t-test              0.124              22.246                 23.263                          
  P-value             0.902              \<0.001                \<0.001                         

sICAM-1, soluble intercellular adhesion molecule-1.

###### 

Comparison of adverse reactions between two groups, n (%).

  Groups        No.   Severe bleeding   Thrombocytopenia   Abnormal liver function   Gastrointestinal reactions
  ------------- ----- ----------------- ------------------ ------------------------- ----------------------------
  Observation   47    1 (2.13)          2 (4.26)           1 (2.13)                  1 (2.13)
  Control       47    3 (6.38)          4 (8.51)           0 (0.00)                  2 (4.26)
  χ^2^                0.261             0.178              0.001                     0.001
  P-value             0.609             0.673              0.999                     0.999

###### 

Comparison of cardiovascular events and total incidence rate between two groups.

  Groups        No.   Malignant arrhythmia   Recurrent angina   Heart failure   Total incidence rate of adverse cardiac events
  ------------- ----- ---------------------- ------------------ --------------- ------------------------------------------------
  Observation   47    1 (2.13)               1 (2.13)           1 (2.13)        3 (6.38)
  Control       47    6 (12.77)              8 (17.02)          5 (10.64)       19 (40.43)
  χ^2^                                                                          13.352
  P-value                                                                       0.353

###### 

Comparison of life quality between two groups.

  Groups        No.   Physical strength   Disease conditions   Medical conditions   General living function   Psychological function   Working conditions
  ------------- ----- ------------------- -------------------- -------------------- ------------------------- ------------------------ --------------------
  Observation   47    62.89±3.23          21.82±3.15           5.83±0.74            15.23±2.03                23.23±3.13               7.23±1.03
  Control       47    51.36±3.28          15.34±3.47           3.79±0.65            10.62±2.24                16.62±3.04               4.62±0.84
  t-test              17.171              9.479                14.199               10.455                    10.386                   13.463
  P-value             \<0.001             \<0.001              \<0.001              \<0.001                   \<0.001                  \<0.001
